evere, relapsing itch is a common symptom in many patients suffering from atopic dermatitis and psoriasis vulgaris that often negatively influences quality of life (1,2). John J Bonica, during one of his lectures, acknowledged that chronic pain has finally achieved the doubtful honour of being recognized as a disease entity in its own right, and not just as a symptom of a disease. The same dictum may apply nowadays to chronic pruritus.
BACKGROUND:
Virtual reality immersion (VRI), an advanced computergenerated technique, decreased subjective reports of pain in experimental and procedural medical therapies. Furthermore, VRI significantly reduced pain-related brain activity as measured by functional magnetic resonance imaging. Resemblance between anatomical and neuroendocrine pathways of pain and pruritus may prove VRI to be a suitable adjunct for basic and clinical studies of the complex aspects of pruritus. OBJECTIVES: To compare effects of VRI with audiovisual distraction (AVD) techniques for attenuation of pruritus in patients with atopic dermatitis and psoriasis vulgaris. METHODS: Twenty-four patients suffering from chronic pruritus -16 due to atopic dermatitis and eight due to psoriasis vulgaris -were randomly assigned to play an interactive computer game using a special visor or a computer screen. Pruritus intensity was self-rated before, during and 10 min after exposure using a visual analogue scale ranging from 0 to 10. The interviewer rated observed scratching on a three-point scale during each distraction program. RESULTS: Student's t tests were significant for reduction of pruritus intensity before and during VRI and AVD (P=0.0002 and P=0.01, respectively) and were significant only between ratings before and after VRI (P=0.017). Scratching was mostly absent or mild during both programs. CONCLUSIONS: VRI and AVD techniques demonstrated the ability to diminish itching sensations temporarily. Further studies on the immediate and late effects of interactive computer distraction techniques to interrupt itching episodes will open potential paths for future pruritus research. behaviour therapy, biofeedback, hypnosis and various modalities of distraction (eg, music, imagery, etc) and have been added to the strategies of pruritis treatment (8, 9) . These treatments were undertaken in an attempt to break the vicious itch/scratch cycle using their effect on the central control axis (10, 11) .
With progress in technology, new methods of distraction have been introduced for the treatment of pain, namely virtual reality immersion (VRI) and the audiovisual distraction (AVD) method of therapy (12, 13) . The VRI technique was described as an efficient nonconventional method for the relief of experimental ischemic (14, 15) and cold-and heat-producing pain (16) in human subjects. It has also been reported to be a promising new tool to reduce awareness of pain, unpleasantness and anxiety during procedural medical therapies (13, 17) .
Virtual reality is a high-technology, interactive, computerbased distraction system that has the ability to occlude visual and auditory stimuli coming from the real environment and replace them with a videotaped interactive program of selected images and sounds transmitted via a specially designed visor. Hoffman et al (12) compared the alleviation of pain during burn dressing changes when using VRI therapy or a Nintendo computer game (Nintendo of America, Inc). Significantly better results were obtained with the virtual reality system (12) . Subjective reports of pain alleviation were validated by functional magnetic resonance imaging evidence showing that VRI decreased pain-related brain activity (16) .
The manner in which the use of virtual reality treatment influences and diminishes the pain experience is now under intensive research in several centres around the world. In view of the resemblance between the neuroendocrine pain and pruritus pathways, it is hypothesized that the virtual reality method will provide an adjunctive mode for disrupting severe itching episodes.
The purpose of the present study was to test the effects of VRI treatment on the self-reported intensity, quality and reactions to pruritus in patients suffering from atopic dermatitis and psoriasis vulgaris. Furthermore, the results obtained with the virtual reality equipment using a special visor in one group of patients will be compared with the results obtained in a second group of patients playing the same interactive game with an AVD system on a regular computer screen.
METHODS Participants
The study population consisted of 27 consecutive patients with pruritus seen in the dermatology department and outpatient clinic of the Hadassah University Hospital (Jerusalem, Israel). Three patients were excluded from the study -two patients due to inability or lack of interest in using the computer, and one patient reported only a low level of current itching. Of the remaining 24 patients (12 women and 12 men, 18 to 84 years of age, mean age 44.5 years), six were hospitalized and 18 were outpatients; as well, 16 patients had atopic dermatitis and eight had psoriasis vulgaris. All suffered from an overall chronic pruritus (a score of more than 5 based on a visual analogue scale [VAS] of itching from 0 to 10). The study was approved by the University Human Studies Committee and informed consent was obtained from all participants following an explanation of the study. All study patients were on mild local corticosteroid treatment and/or emolients; no patients received systemic treatments such as antihistamines, cyclosporine, corticosteroids, methotrexate, retinoids or biological treatments. Severity of disease was evaluated according to the Psoriatic Area Severity Index for psoriasis, and the SCORing Atopic Dermatitis scale for atopic dermatitis. The psoriasis group included four patients with mild disease, two patients with moderate disease and two patients with severe disease. The atopic dermatitis group included five patients with mild disease, nine patients with moderate disease and two patients with severe disease. Nocturnal itching was particularly distressing in 13 patients.
Experimental design
The patients were randomly assigned to either a presentation program of VRI (n=12) or AVD (n=12). The same interactive game with accompanying music was played for each presentation mode. A brief medical history was taken before the presentation of each distraction program. Pruritus intensity was rated on a VAS of itching (0 to 10) immediately before the beginning of the program. Patients not familiar with computer games were given an opportunity to practice the game on the computer screen without music before starting the official session.
Itching was the major dependent variable. Patients rated intensity of itching three times on VAS scales immediately before the game and, retrospectively, immediately after the exposure (during) and 10 min after the game. Observed scratching was rated by the interviewer during each respective distraction program on a three-point scale: no scratching, a few light scratching movements or repeated scratching during the game.
Equipment
A regular Pentium laptop computer (Intel Corp, USA) with an NVIDIA graphics card (NVIDIA Corp, USA) was used. The AVD interactive game program was viewed on the computer screen with music provided through the computer speakers. For the VRI session, an eMagin Z800 3DVisor (eMagin Corp, USA) with stereo earbuds (www.emagin.com) connected with the laptop computer withdrew the patient from the real world using visual and audio sensory obstruction and replaced it with the output field of the same video-transmitted game used during the AVD session. The software used in the present study was a simple interactive commercial game that consisted of images of rapidly moving, colourful balls that needed to be caught in a net. The game was accompanied by lively music. After all the balls were caught, the screen lit up. The time it took to accomplish the task was shown and the game was automatically reset to be played again for a total of 10 trials. It took between 8 min and 12 min to complete the 10 trials.
Statistical analyses
Two-sided Student's t tests were used for independent groups as well as for paired groups for within-group changes. The Bonferroni correction was applied and a level of P<0.025 was used to establish significance.
RESULTS
Differences in background variables between the two distraction groups were tested using Student's t tests for independent groups. Statistical evaluation of type of dermatological disease (atopic dermatitis or psoriasis vulgaris), severity of the disease, age, sex and computer experience indicated that the VRI and AVD groups were not statistically different (P>0.10) with respect to any of the background variables. Furthermore, the statistical evaluations of these background variables indicated that these variables were not significantly related to the intensity of itching during the distraction programs. Therefore, these background variables were not included in further analysis.
The mean itching intensity of the VRI group (n=12) and of the AVD group (n=12) was not significantly different at the beginning of the program (mean VAS scores 5.58 for the VRI group and 5.46 for the AVD group) ( Table 1 ). The pruritus intensity scores during and after the trials were also not significantly different beween the VRI and the AVD groups (P>0.10).
Within-group change was tested using paired Student's t tests for each presentation mode, comparing before-during and before-after itching intensity. Table 1 presents means and SDs of itching intensity scores before, during and 10 min after each presentation mode, as well as the level of significance. Tests for within-patient change for each technique indicated VRI yielded a significant reduction in itching intensity between the reported scores before and during game exposure (P=0.0002) and from before game exposure to 10 min after game exposure (P=0.01). AVD showed a significant reduction in itching scores reported before and during game exposure (P=0.017) whereas the reduction in reported scores reported before and after game exposure was minimal and not significant (P>0.10).
Many patients in each group reported a VAS score of 0 for itching intensity during the time they played the game (50% for the VRI group and 42% for the AVD group). The effect began simultaneously with the commencement of the game. Itching VAS scores decreased markedly during exposure (greater than 50% reduction) in all patients except one in the VRI group and two in the AVD group who reported no change in VAS scores. These results indicate that participation in the game was effective for the two techniques. Scratch movements recorded by the experimenter indicated no scratching in 11 of the 12 patients during VRI and repeated scratching in one patient, whereas in the AVD group, no scratching occurred for five patients, some light scratching occurred in six patients and one patient continued to scratch repeatedly. Thus, objective observation suggested a somewhat better outcome in the intensity of itching resulting from playing the game with VRI than with the AVD. No deleterious effects of VRI were noted other than one patient in the VRI group who reported slight nausea.
DISCUSSION
Both methods of distraction, VRI and AVD, captured the attention of patients as they focused their concentration on playing the interactive computer game, which resulted in a significant reduction of reported intensity of itch and a reduced amount of observed scratching. It is noteworthy that the effect was concomitant with the beginning of the game in all of the patients examined from both groups who experienced a VAS score of 0 or a decrease in itching intensity during the game. Because these two interactive computer methods produce a prompt transition of the pruritus and itch sensations to a period free from these unpleasant feelings, they may potentially contribute additional techniques to the analysis of the basic processes related to pruritis.
Pruritic stimuli are under the influence of complex neurobiological inhibitory and stimulatory processes that continuously modulate their afferent and efferent transmission to and from the central nervous system (5, 17) . Investigations using functional positron emission tomography and functional magnetic resonance imaging in healthy volunteers exposed to heat pain stimulation or itch caused by histamines revealed the presence of increased activity in multiple regions located in the spinal cord and the brain (18) (19) (20) . Stimulation of these specific areas of the central nervous system generates the perception of itching, leading to scratching (21, 22) . Our study confirms the hypothesis that diverting attention may account for the decrease of both itch sensations and scratching movements, similar to the effect of distraction reported in pain conditions (23) . However, as with pain, the brain is also the originator of powerful descending inhibitory influences that counterbalance the pruritus stimulatory course of events (5) . VRI and AVD computer game techniques introduce a powerful distraction element via the brain that sets in motion the pruritus inhibitory mechanisms. Distraction experiments in mice were videotaped for counting serotonin (5-hydroxytryptamine)-induced scratching movements. The reduced number of scratching movements observed on the video suggested that scratching was greatly influenced by distraction (24) .
The results obtained suggest that VRI may have been somewhat more effective than AVD because it augments detachment from viewing and hearing what is happening in the environment. However, it is important to point out that the AVD method is easier to use, cheaper to obtain, available in the homes of large populations in many countries and is thus familiar to many patients suffering from pruritus. Pruritus is most severe during evenings and nights, when patients are free to concentrate more on their symptoms. Some patients who complain of nocturnal itching make use of extremely harmful measures such as very hot showers and application of lemon juice on wounds to get relief. The availability of the AVD method is an advantage compared with VRI because it may serve to shorten pruritus episodes occurring at night.
It is known that itching sensations that advance into chronic pruritus, similar to the nociceptive type of syndromes, may lead to a phase of central sensitization characterized by higher perceived itching sensation in the presence of minimal or even absent pruritic stimulation. To take advantage of the complex inhibitory physiology of itching and avoid the development of sensitization, multimodal general measures for (17, 25) . Furthermore, additional modalities and numerous types of conventional distractors, such as music and imagery, have been tested and await confirmation by rigorous trials (8) (9) (10) . The same applies to the results of the present report, albeit with a small number of patients, which reveal a transient beneficial effect of the two distraction methods for alleviation of itching.
For these two methods to join the nonpharmacological list of pruritus therapeutic options, future research is needed to closely examine the effects of exposure to the VRI and AVD methods during extended periods of time and with even more engaging distractions. It is also essential to seek software programs appropriate for differences in age, sex and cultural background.
The known psychoneuroendocrine aspects of pruritus, together with the recommended multimodalities for its treatment, call for a closer interdepartmental collaboration for the study and treatment of pruritus. Moreover, the recognized marked relationship between the central and peripheral pathways of itch and pain indicate the important contribution multidisciplinary pain clinics make to the application of complex treatment programs and the development of new modalities for the relief of chronic pruritus.
